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(57) A semiconductor device in which atransistorcan 
supply an accurate current to a load (EL pixel and signal 
line) without being influenced by variations is provided. 

A voltage at each terminal of a transistor is adjusted 
by a feedback circuit using an amplifier circuit. A current 
Idata is input from acurrentsource circuit to the transistor, 
and a gate-source voltage is set by the feedback circuit 
so that the transistor can flow the current Idata. The feed- 
back circuit controls the transistor to operate in a satu- 
ration region. Thus, a gate voltage required for flowing 
the current Idata is set. 

With the use of the set transistor, a current can be 
supplied to a load (EL pixel and signal line) with accuracy. 
Note that a desired gate voltage can be set quickly since 
the amplifier circuit is utilized. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a semiconduc- 
tor device provided with afunction for controlling a current 
supplied to a load by a transistor. In particular, the inven- 
tion relates to a semiconductor device that includes a 
pixel having a current-driven light emitting element 
whose luminance varies depending on a current and a 
signal line driver circuit for driving the pixel. 

BACKGROUND ART 

[0002] In recent years, a so-called self luminous type 
display device that includes a pixel having a light emitting 
element such as a light emitting diode (LED) attracts at- 
tention. As a light emitting element used for such a self 
luminous type display device, an organic light emitting 
diode (also called an OLED, an organic EL element, an 
electro luminescence (EL) element, or the like) draws 
attention and has been used for an organic EL display 
and the like. 

[0003] Since a light emitting element such as an OLED 
is self luminous type, it does not require a backlight, and 
has the advantages of higher visibility of pixels, faster 
response and the like as compared with a liquid crystal 
display. Luminance of a light emitting element is control- 
led by a current value flowing into it. 
[0004] As a driving method of a display device using 
such a self luminous type light emitting element, a pas- 
sive matrix method and an active matrix method are 
known. The former has a problem in that a large and high 
luminance display cannot be realized easily, though its 
simple structure. Therefore, in recent years, the active 
matrix method has been actively developed, in which a 
current flowing into a light emitting element is controlled 
by thin film transistors (TFTs) provided in a pixel circuit. 
[0005] In the case of a display device adopting such 
an active matrix method, there are problems in that a 
current flowing into a light emitting element changes due 
to variations in current characteristics of driving TFTs, 
resulting in variations in luminance. 
[0006] That is, in the case of a display device adopting 
the active matrix method, driving TFTs for driving a cur- 
rent flowing into light emitting elements are used in a 
pixel circuit, and there are problems in that a current flow- 
ing into the light emitting elements changes due to vari- 
ations in characteristics of these driving TFTs, resulting 
in variations in luminance. Thus, suggested are various 
circuits for suppressing variations in luminance, in which 
a current flowing into light emitting elements does not 
change even when characteristics of driving TFTs in a 
pixel circuit vary. 

(Patent Document 1) 

Patent Application Laid-Open No. 2002.517806 
(Patent Document 2) 



International Publication WO 01/06484 
(Patent Document 3) 

Patent Application Laid-Open No. 2002-514320 
(Patent Document 4) 
5 International Publication WO 02/39420 

[0007] A configuration of an active matrix display de- 
vice is disclosed in Patent Documents 1 to 4. Disclosed 
in Patent Documents 1 to 3 is a circuit configuration in 
10 which a current flowing into light emitting elements does 
not change due to variations in characteristics of driving 
TFTs disposed in a pixel circuit. This configuration is 
called a current writing pixel or a current input pixel. 
Meanwhile, disclosed in Patent Document 4 is a circuit 
15 configuration for suppressing changes in signal current 
due to variations in TFTs in a source driver circuit. 
[0008] FIG. 6 shows a first configuration example of 
an existing active matrix display device that is disclosed 
in Patent Document 1 . A pixel shown in FIG. 6 comprises 
20 a source signal line 601 , first to third gate signal lines 602 
to 604, a current supply line 605, TFTs 606 to 609, a 
capacitor element 61 0, an EL element 61 1 , and an image 
signal inputting current source 612. 
[0009] A gate electrode of the TFT 606 is connected 
25 to the first gate signal line 602, a first electrode thereof 
being connected to the source signal line 601 and a sec- 
ond electrode thereof being connected to afirst electrode 
of the TFT 607, a first electrode of the TFT 608 and a 
first electrode of the TFT 609. A gate electrode of the 
30 TFT 607 is connected to the second gate signal line 603, 
a second electrode thereof being connected to a gate 
electrode of the TFT 608. A second electrode of the TFT 
608 is connected to the current supply line 605. A gate 
electrode of the TFT 609 is connected to the third gate 
35 signal line 604, a second electrode thereof being con- 
nected to an anode of the EL element 61 1 . The capacitor 
element 61 0 is connected between the gate electrode of 
the TFT 608 and the current supply line, and holds a 
gate-source voltage of the TFT 608. The current supply 
'^0 line 605 and a cathode of the EL element 61 1 are input 
with respective predetermined potentials and have a po- 
tential difference therebetween. 

[0010] Operations from writing of a signal current to 
light emission are described with reference to FIGS. 7A 
^5 to 7E. Each component in the drawings is denoted by 
the same reference numeral as FIG. 6. FIGS. 7A to 7C 
are schematic diagrams each showing a current flow. 
FIG. 7D shows a relationship between currents flowing 
in each path in writing a signal current. FIG. 7E shows a 
50 voltage that is held in the capacitor element 61 0 in writing 
a signal current also, namely the gate-source voltage of 
the TFT 608. 

[001 1 ] First, a pulse is input to the first gate signal line 
602 and the second gate signal line 603, thereby the 
55 TFTs 606 and 607 are turned on. A current flowing in the 
source signal line 601 at this time, namely asignal current 
is referred to as I data. 

[0012] Since the current Idata flows in the source sig- 
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nal line 601, a current flows in a pixel through current 
paths 11 and 12 as shown in FIG. 7A. The relationship 
between the divided currents is shown in FIG. 7D. It is 
needless to say that Idata = 11 + 12 is satisfied. 
[001 3] At the moment when the TFT 606 is turned on, 
electric charges have not been held in the capacitor el- 
ement 610 yet, thus the TFT 608 is off. Accordingly, 12 
is equal to 0 whereas Idata is equal to II . That is, during 
this period, a current flows only to be accumulated in the 
capacitor element 61 0. 

[0014] Then, electric charges are slowly accumulated 
in the capacitor element 61 0, and thereby a potential dif- 
ference begins to occur between both electrodes (FIG. 
7E). When a potential difference between both elec- 
trodes being equal to Vth (FIG. 7E, point A), the TFT 608 
is turned on and 12 is generated. Since Idata =11 + 12 is 
satisfied as described above, II gradually decreases, 
though acurrent flows yet and electric charges are further 
accumulated in the capacitor element. 
[0015] In the capacitor element 610, electric charges 
continue to be accumulated until a potential difference 
between both electrodes thereof, that is, the gate-source 
voltage of the TFT 608 becomes equal to a desired volt- 
age, namely a voltage (Vgs) that allows the TFT 608 to 
supply the current Idata. When the accumulation of elec- 
tric charges is completed (FIG. 7E, point B), the current 
II stops flowing, the TFT 608 supplies a current corre- 
sponding to the Vgs at this time, and thereby Idata be- 
comes equal to 12 (FIG. 7B). Thus, the steady state is 
reached. That is the end of the writing operation of sig- 
nals. Finally, the selection of the first gate signal line 602 
and the second gate signal line 603 is completed and the 
TFTg 606 and 607 are turned off. 
[0016] Subsequently, a light emitting operation starts. 
A pulse is input to the third gate signal line 604, thereby 
the TFT 609 is turned on. Since the capacitor element 
61 0 holds the Vgs that has been written earlier, the TFT 
608 is on and the current Idata is supplied from the current 
supply line 605. Accordingly, the EL element 611 emits 
light. When the TFT 608 is set to operate in a saturation 
region at this time, the current Idata can flow without 
changes even when a source-drain voltage of the TFT 
608 varies. 

[0017] Such an operation that outputs a set current is 
called an output operation herein. The current writing pix- 
el shown above as an example has the advantages that 
even when there are variations in characteristics and the 
like of the TFT 608, the capacitor element 610 holds a 
gate-source voltage required for flowing the current Idata, 
a desired current can be supplied to the EL element with 
accuracy, thereby variations in luminance due to varia- 
tions in characteristics of TFTs can be suppressed. 
[0018] Described above is an example for correcting 
changes in current due to variations of driving TFTs in a 
pixel circuit. The same problem occurs in a source driver 
circuit. Disclosed in Patent Document 4 is a circuit con- 
figuration for preventing changes in signal current due to 
production variations of TFTs in a source driver circuit. 



(Patent Document 5) 

Patent Application Laid-Open No. 2003-1 08069 

[0019] Furthermore, another method than those 

5 shown in Patent Documents 1 to 4 is disclosed in Patent 
Document 5. A configuration diagram thereof is shown 
in FIG. 44. FIG. 44 shows a driver circuit of a light emitting 
element, which includes a current supply circuit (1) and 
a driver control circuit (2a). In the driver circuit shown in 

^0 FIG. 44, a current (Is) that is equal to a current (Ir) sup- 
plied from asupply transistor (M5) for supplying acurrent 
to drive a light emitting element (EL) flows into the driver 
control circuit (2a) through a reference transistor (M4). 
Then, depending on the current (Is), source-drain voltage 

^5 data (Vs) of the reference transistor (I\/I4), and 
source -drain voltage data (Vr, Vdrv) of the supply tran- 
sistor (M5), the current (Is) can be controlled to be close 
to a desired predetermined current value (Idrv) and each 
source-drain voltage data (Vs, Vr) can be controlled to 

20 be equal to each other. 

DISCLOSURE OF THE INVENTION 
(Problems to be Solved by the Invention) 

25 

[0020] As set forth above, in the conventional technol- 
ogies, a circuit is configured so that a signal current and 
a current for driving a TFT, or a signal current and a cur- 
rent flowing into a light emitting element in light emission 
30 may be equal or proportional to each other. 

[0021 ] However, parasitic capacitance of awiring used 
for supplying a signal current to a driving TFT and a light 
emitting element is considerably large. Therefore, there 
are problems in that in the case of a signal current being 
35 small, the time constant for charging parasitic capaci- 
tance of a wiring is increased, and thereby signal writing 
speed becomes slower. That is, the problem is that it 
takes a long time to develop at a gate terminal a voltage 
required for flowing a signal current supplied to a tran- 
sistor, and signal writing speed becomes slower. 
[0022] Furthermore, in the case of the configuration 
shown in FIG. 44, a transistor I\/I7 and a transistor M9 
need to have the same current characteristics. Variations 
In current characteristics lead to variations in current 
45 flowing into a light emitting element (EL). Similarly, atran- 
sistor M8 and a transistor IVI1 1 , a transistor IVI10 and a 
transistor Ml 2, and the like need to have the same cur- 
rent characteristics. In this manner, many transistors 
need to have the same current characteristics because 
50 variations in current characteristics lead to variations in 
current flowing into a light emitting element (EL). In ad- 
dition, as seen by comparison of FIG. 44 and FIG. 6, the 
circuit in FIG. 44 has much more transistors and a more 
complicated configuration. Accordingly, reduced produc- 
es tive yield, increased cost, enlarged layout of circuit, and 
increased power consumption may occur. 
[0023] In view of the foregoing problems, it is an object 
of the invention to provide a semiconductor device that 
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can reduce the influences of variations in cinaracteristics 
of transistors, and improve signal writing speed sufficient- 
ly even in the case of a signal current being small. 

(Means for Solving the Problems) 

[0024] In order to achieve the aforementioned object, 
according to the invention, a potential of a transistor that 
supplies a current to a load is controlled by an amplifier 
circuit, and a potential of a source or a drain of the tran- 
sistor is stabilized by constituting a feedback circuit. 
[0025] A semiconductor device of the invention is char- 
acterized by having a circuit in which a current supplied 
to a load is controlled by a transistor whose source or 
drain is connected to a current source circuit, and an 
amplifier circuit for controlling a source potential or adrain 
potential of the transistor so that the transistor may op- 
erate in a saturation region when a current is supplied 
from the current source circuit to the transistor. 
[0026] A semiconductor device of the invention is char- 
acterized by having a circuit in which a current supplied 
to a load is controlled by a transistor whose source or 
drain is connected to a current source circuit, and an 
amplifier circuit for stabilizing a source potential or adrain 
potential of the transistor. 

[0027] A semiconductor device of the invention is char- 
acterized by having a circuit in which a current supplied 
to a load is controlled by a transistor whose source or 
drain is connected to a current source circuit, and a feed- 
back circuit for stabilizing a source potential or a drain 
potential of the transistor. 

[0028] A semiconductor device of the invention is char- 
acterized by having a transistor for controlling a current 
supplied to a load and an operational amplifier, wherein 
an inverting input terminal of the operational amplifier is 
connected to a drain terminal side of the transistor con- 
nected to a current source circuit, a non-inverting input 
terminal of the operational amplifier is connected to a 
gate terminal side of the transistor, and an outputterminal 
of the operational amplifier is connected to a source ter- 
minal side of the transistor. 

[0029] A semiconductor device of the invention is char- 
acterized by having a transistor for controlling a current 
supplied to a load and an operational amplifier, wherein 
an inverting input terminal of the operational amplifier is 
connected to a drain terminal side of the transistor con- 
nected to a current source circuit, a non-inverting input 
terminal of the operational amplifier is connected to a 
gate terminal side of the transistor, and an output terminal 
of the operational amplifier is connected to the drain ter- 
minal side of the transistor. 

[0030] A semiconductor device of the invention is char- 
acterized by having a transistor for controlling a current 
supplied to a load and a voltage follower circuit, wherein 
an input terminal of the voltage follower circuit is con- 
nected to a gate terminal side of the transistor connected 
to a current source circuit, and an output terminal of the 
voltage follower circuit is connected to a drain terminal 



side of the transistor. I n this configuration of the invention, 
the voltage follower circuit may be constituted by a source 
follower circuit. 

[0031] In the invention, the type of applicable transistor 
5 is not especially limited, and a thin film transistor (TFT) 
using a non-single crystalline semiconductor film typified 
by amorphous silicon and polycrystalline silicon, a MOS 
transistor formed by using a semiconductor substrate or 
an SOI substrate, a junction transistor, a transistor using 
'10 anorganicsemiconductororacarbon nanotube, andoth- 
er transistors may be employed. Further, the type of sub- 
strate on which a transistor is disposed is not especially 
limited, and the transistor may be formed on a single 
crystalline substrate, an SOI substrate, a glass substrate, 
^5 or the like. 

[0032] Note that in the invention, connection means 
electrical connection. Accordingly, other elements, 
switch and the like may be disposed therebetween. 



[0033] According to the invention, a feedback circuit is 
constituted by an amplifier circuit in order to control a 
transistor. As a result, the transistor can output a constant 

25 current without being influenced by variations. Such a 
set operation can be carried out quickly since the ampli- 
fier circuit is used. Thus, an accurate current can be out- 
put in an output operation. In addition, the amplifier circuit 
allows a set operation to be carried out with accuracy 

30 even when current characteristics vary. Therefore, the 
amplifier circuit can be easily constituted by transistors 
such as TFTs with large variations in current character- 
istics. 



35 BRIEF DESCRIPTION OF THE DRAWINGS 
[0034] 

FIG. 1 shows a structure of a semiconductor device 
"^0 of the invention. 

FIG. 2 shows a structure of a semiconductor device 
of the invention. 

FIG. 3 shows a structure of a semiconductor device 
of the invention. 
^5 FIG. 4 shows a structure of a semiconductor device 
of the invention. 

FIG. 5 shows a structure of a semiconductor device 

of the invention. 

FIG. 6 shows an existing pixel configuration. 
50 FIGS. 7A to 7E shows operations of an existing pixel. 
FIG. 8 shows a structure of a semiconductor device 
of the invention. 

FIG. 9 shows a structure of a semiconductor device 
of the invention. 
55 FIG. 10 shows a structure of a semiconductor device 
of the invention. 

FIG. 11 shows a structure of a semiconductor device 
of the invention. 



20 (Effect of the Invention) 
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FIG. 12 shows an operation of a semiconductor de- 
vice of the invention. 

FIG. 13 shows an operation of a semiconductor de- 
vice of the invention. 

FIG. 14 shows an operation of a semiconductor de- 5 
vice of the invention. 

FIG. 15 shows an operation of a semiconductor de- 
vice of the invention. 

FIG. 1 6 shows an operation of a semiconductor de- 
vice of the invention. 10 
FIG. 1 7 shows an operation of a semiconductor de- 
vice of the invention. 

FIG. 1 8 shows a structure of a semiconductor device 
of the invention. 

FIG. 19 shows a structure of a semiconductor device 15 
of the invention. 

FIG. 20 shows an operation of a semiconductor de- 
vice of the invention. 

FIG. 21 shows an operation of a semiconductor de- 
vice of the invention. 20 
FIG. 22 shows an operation of a semiconductor de- 
vice of the invention. 

FIG. 23 shows a structure of a semiconductor device 
of the invention. 

FIG. 24 shows a structure of a semiconductor device 25 
of the invention. 

FIG. 25 shows a structure of a semiconductor device 
of the invention. 

FIG. 26 shows a structure of a semiconductor device 
of the invention. 30 
FIG. 27 shows an operation of a semiconductor de- 
vice of the invention. 

FIG. 28 shows an operation of a semiconductor de- 
vice of the invention. 

FIG. 29 shows a structure of a semiconductor device 35 
of the invention. 

FIG. 30 shows a structure of a semiconductor device 
of the invention. 

FIG. 31 shows a structure of a semiconductor device 
of the invention. ^0 
FIG. 32 shows a structure of a semiconductor device 
of the invention. 

FIG. 33 shows a structure of a semiconductor device 
of the invention. 

FIG. 34 shows a structure of a semiconductor device ^5 
of the invention. 

FIG. 35 shows a structure of a semiconductor device 
of the invention. 

FIG. 36 shows a structure of a semiconductor device 
of the invention. 50 
FIG. 37 shows a structure of a semiconductor device 
of the invention. 

FIG. 38 shows a structure of a display device of the 
invention. 

FIG. 39 shows a structure of a display device of the 55 
invention. 

FIG. 40 shows an operation of a display device of 
the invention. 



FIG. 41 shows an operation of a display device of 
the invention. 

FIG. 42 shows an operation of a display device of 
the invention. 

FIGS. 43A to 43H shows electronic appliances to 

which the invention is applied. 

FIG. 44 shows an existing pixel configuration. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0035] Embodiment modes of the invention will be de- 
scribed hereinafter with reference to the accompanying 
drawings. However, it is to be understood that various 
changes and modifications will be apparent to those 
skilled in the art. Therefore, unless such changes and 
modifications depart from the scope of the invention, they 
should be constructed as being included therein. 

(Embodiment IVIode 1) 

[0036] According to the invention, a pixel comprises 
an element whose luminance can be controlled by a cur- 
rent value flowing into a light emitting element. Typically, 
an EL element can be adopted. Although various config- 
urations of an EL element are known, any configuration 
of an EL element can be used in the invention as long 
as the luminance can be controlled by a current value. 
In other words, an EL element may be formed by freely 
combining a light emitting layer, an electron transporting 
layer, or an electron injection layer. As a material for form- 
ing an EL element, a low molecular weight organic ma- 
terial, a medium molecular weight organic material (an 
organic light emitting material that does not have sublim- 
ing property and that has a molecular number of 20 or 
less, or a length of chained molecules of 1 0 iJtm or less), 
or a high molecular weight organic material may be em- 
ployed. Alternatively, an inorganic material may be mixed 
or dispersed into these organic materials. 
[0037] The invention can be applied to various analog 
circuits having a current source as well as to a pixel hav- 
ing a light emitting element such as an EL element. Thus, 
in this embodiment mode, the principle of the invention 
is described. 

[0038] FIG. 1 shows a configuration based on the basic 
principle of the invention. A current source circuit 101 
and a current source transistor 102 are connected to a 
wiring 104. FIG. 1 shows the case in which a current 
flows from the current source circuit 101 to the current 
source transistor 1 02. A first input terminal 1 08 of an am- 
plifier circuit 107 is connected to a gate terminal of the 
current source transistor 102. A second input terminal 
1 10 of the amplifier circuit 107 is connected to a drain 
terminal of the current source transistor 102. An output 
terminal 109 of the amplifier circuit 107 is connected to 
a source terminal of the current source transistor 102. 
Moreover, the gate terminal of the current source tran- 
sistor 1 02 is connected to a wiring 1 05. 
[0039] A capacitor element 103 is connected to the 
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gate terminal of the current source transistor 102 and a 
wiring 106 in order to hold a gate voltage of the current 
source transistor 1 02. It is to be noted that the capacitor 
element 1 03 can be omitted when gate capacitance of 
the current source transistor 102, or the like is used in- 
stead. 

[0040] In such a configuration, a current Idata is sup- 
plied and input from the current source circuit 101 and 
the current Idata flows into the current source transistor 

1 02. The amplifier circuit 1 07 controls so that the current 
Idata supplied from the current source circuit 101 may 
flow into the current source transistor 1 02 and the steady 
state may be reached during a period in which the current 
source transistor 102 operates in a saturation region. 
Thus, a source potential of the current source transistor 
1 02 is set to a level at which the current source transistor 
1 02 can flow the current Idata. That is, the source poten- 
tial of the current source transistor 102 is controlled so 
that a gate-source voltage may be set to a level at which 
the current source transistor 102 can flow the current 
Idata. At this time, the source potential of the current 
source transistor 102 is set to a proper value independ- 
ently of current characteristics (mobility, threshold volt- 
age and the like) and size (gate width W and gate length 
L) of the current source transistor 1 02. Therefore, even 
when there are variations in current characteristics and 
size of the current source transistor 102, the current 
source transistor 102 can supply the current Idata. As a 
result, the current source transistor 102 can operate as 
a current source and supply a current to various loads 
(another current source transistor, a pixel, a signal line 
driver circuit, and the like). 

[0041 ] Since the output impedance of the amplifier cir- 
cuit 1 07 is not high, a large current can be output. Thus, 
the source terminal of the current source transistor 102 
can be charged quickly. In other words, writing of the 
current Idata can be carried out faster to be completed 
quickly, and thereby it takes a short time to reach the 
steady state. 

[0042] An operation of the amplifier circuit 107 is de- 
scribed next. The amplifier circuit 107 has a function to 
detect voltages of the first input terminal 108 and the 
second inputterminal 1 1 0, and amplify the input voltages 
to be output to the output terminal 109. In FIG. 1, the 
second input terminal 110 and the output terminal 109 
are connected through the source and the drain of the 
current source transistor 102, namely they constitute a 
feedback circuit. Because of the feedbackcircuit, the volt- 
age of the second input terminal 1 1 0 changes depending 
on the voltages of the output terminal 1 09 and the first 
input terminal 1 08 (the gate terminal of the current source 
transistor 1 02), and the voltage of the output terminal 1 09 
changes also depending on the voltage of the second 
input terminal 110. Through such a feedback operation, 
a voltage to stabilize the state of each input terminal can 
be output. 

[0043] In FIG. 1 , the gate terminal of the current source 
transistor 1 02 is connected to the first input terminal 1 08, 



the source terminal thereof being connected to the output 
terminal 109, and the drain terminal thereof being con- 
nected to the second input terminal 110. Accordingly, a 
voltage to stabilize the voltage between the drain terminal 
5 and the gate terminal of the current source transistor 1 02 
is output to the source terminal of the current source tran- 
sistor 102 by the amplifier circuit 107. At this time, the 
current Idata is supplied from the current source circuit 

101 to the current source transistor 102. As a result, a 
10 voltage that allows the current source transistor 102 to 

supply the current Idata is output from the current source 
circuit 101 to the source terminal of the current source 
transistor 102. That is, a voltage is output to the source 
terminal of the current source transistor 102 so that a 
gate-source voltage may be set to a level at which the 
current source transistor 102 can flow the current Idata. 
[0044] In general, an operating region of a transistor 
(an NMOS transistor is taken as an example herein for 
simplicity) can be divided into a linear region and a sat- 
uration region. The boundary between these regions is, 
when a drain-source voltage is Vds, a gate-source volt- 
age is Vgs and a threshold voltage is Vth, a point at which 
(Vgs - Vth) = Vds is satisfied. In the case of (Vgs - Vth) 
> Vds being satisfied, a transistor operates in a linear 
region and a current value is determined by the Vds and 
the Vgs. On the other hand, in the case of (Vgs - Vth) < 
Vds being satisfied, a transistor operates in a saturation 
region and a current value does not change much even 
when the Vds varies. That is, the current value is deter- 
mined only by the Vgs. 

[0045] As is evident from the foregoing, the amplifier 
circuit 1 07 may control the current source transistor 1 02 
to operate in a saturation region. According to this, the 
gate-source voltage of the current source transistor 1 02 
is set to a voltage at which the current Idata can be sup- 
plied. In order that the current source transistor 1 02 op- 
erates in a saturation region, (Vgs - Vth) < Vds has only 
to be satisfied. The threshold voltage Vth of an N-channel 
transistor is generally more than 0, therefore, the poten- 
tial of the drain terminal of the current source transistor 

1 02 has to be equal to or more than the potential of the 
gate terminal. The amplifier circuit 107 controls the cur- 
rent source transistor 1 02 so as to achieve such an op- 
eration. 

[0046] As set forth above, with the use of the feedback 
circuit including the amplifier circuit 1 07, the gate-source 
voltage of the current source transistor 102 can be set 
so as to flow as large a current as that supplied from the 
current source circuit 101. The set operation can be com- 
pleted quickly because the amplifier circuit 107 is used, 
and thereby writing is completed in a short time. The set 
current source transistor 102 can operate as a current 
source circuit and supply a current to various loads. 
[0047] Although FIG. 1 shows the case in which a cur- 
rent flows from the current source circuit 1 01 to the cur- 
rent source transistor 102, the invention is not limited to 
this. FIG. 2 shows the case in which a current flows from 
a current source transistor 202 to a current source circuit 
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201 . As mentioned above, when the polarity of the current 
source transistor 202 is changed, it is possible to change 
the direction of current without modifying the connection 
of the circuit. Note that a reference numeral 203 denotes 
a capacitor element, 204 to 206 denote wirings, 207 de- 
notes an amplifier circuit, 208 denotes a first input termi- 
nal, 209 denotes an output terminal, and 21 0 denotes a 
second input terminal. 

[0048] Although an N-channel transistor is used for the 
current source circuit 101 in FIG. 1, the invention is not 
limited to this, and a P-channel transistor may be used 
as well. However, when the polarity of the transistor is 
changed without modifying the direction of current, a 
source terminal and a drain terminal are changed over. 
Therefore, the connection of the circuit has to be 
changed. A configuration in that case is shown in FIG. 
3. The current source circuit 101 and a current source 
transistor 302 are connected to the wiring 104. FIG. 3 
shows the case in which a current flows from the current 
source circuit 101 to the current source transistor 302, 
though the direction of current can be changed as the 
case shown in FIG. 2. The first input terminal 1 08 of the 
amplifier circuit 107 is connected to a gate terminal of 
the current source transistor 302. The second input ter- 
minal 110 of the amplifier circuit 107 is connected to a 
drain terminal of the current source transistor 302. The 
output terminal 109 of the amplifier circuit 1 07 is connect- 
ed to the drain terminal of the current source transistor 
302. 

[0049] Accordingly, a voltage to stabilize the voltages 
of the drain terminal and the gate terminal of the current 
source transistor 302 is output to the drain terminal of 
the current source transistor 302 by the amplifier circuit 
107. At this time, the current Idata is supplied from the 
current source circuit 1 01 to the current source transistor 
302. As a result, a voltage at which the current source 
transistor 302 can supply the current Idata (in other 
words, a voltage required in order that the current source 
transistor 302 operates in a saturation region) is output 
from the current source circuit 101 to the drain terminal 
of the current source transistor 302. Then, a source po- 
tential of the current source transistor 302 is set so that 
agate-source voltage may be a level at which the current 
source transistor 302 can supply the current Idata. 
[0050] It is to be noted that in FIG. 1, the capacitor 
element 1 03 is only required to hold the gate potential of 
the current source transistor 1 02, thus a potential of the 
wiring 1 06 may be set arbitrarily. Therefore, potentials of 
the wiring 1 05 and the wiring 1 06 may be equal or differ- 
ent. However, a current value of the current source tran- 
sistor 102 is determined by the gate-source voltage 
thereof. Accordingly, it is more preferable that the capac- 
itor element 103 holds the gate-source voltage of the 
current source transistor 1 02, and the wiring 1 06 is thus 
preferably connected to the source terminal of the current 
source transistor 102. As a result, influences of wiring 
resistance and the like can be suppressed. 
[0051] Similarly in FIG. 2, it is desirable that a wiring 



206 be connected to a source terminal of the current 
source transistor 202. Furthermore, in FIG. 3, the wiring 
106 is preferably connected to a source terminal of the 
current source transistor 302. 

5 

(Embodiment Mode 2) 

[0052] Shown in Embodiment Mode 2 is an example 
of the amplifier circuit used in FIGS. 1 to 3. 

10 [0053] First, an operational amplifier is taken as an ex- 
ample of the amplifier circuit. FIG. 4 is a configuration 
diagram corresponding to FIG. 1 , which shows the case 
of adopting an operational amplifier as an amplifier cir- 
cuit. The first input terminal 108 of the amplifier circuit 
15 1 07 corresponds to a non-inverting (positive phase) input 
terminal of an operational amplifier 407 whereas the sec- 
ond input terminal 1 1 0 corresponds to an inverting input 
terminal. 

[0054] The operational amplifier normally operates so 
that a potential of a non-inverting (positive phase) input 
terminal may be equal to a potential of an inverting input 
terminal. Accordingly, in FIG. 4, the source potential of 
the current source transistor 1 02 is controlled so that the 
gate potential of the current source transistor 102 may 
be equal to the drain potential thereof. Thus, Vgs = Vds 
is satisfied, and thereby the current source transistor 1 02 
operates in a saturation region in the case of Vth being 
more than 0. 

[0055] Similarly to FIG. 4, FIG. 5 shows a configuration 
diagram corresponding to FIG. 2 and FIG. 8 shows a 
configuration diagram corresponding to FIG. 3. Refer- 
ence numeral 507 denotes an operational amplifier here- 
in. 

[0056] In the case of FIG. 8, the drain potential of the 
current source transistor 302 is controlled so that the gate 
potential of the current source transistor 302 may be 
equal to the drain potential thereof. Since the gate po- 
tential and the drain potential are equal to each other, 
Vgs = Vds is satisfied, and thereby the current source 
transistor 302 operates in a saturation region in the case 
of Vth being more than 0. 

[0057] It is to be noted that any type of operational 
amplifier may be used as the operational amplifier used 
in FIG. 4, FIG. 5, and FIG. 8. A voltage feedback opera- 
tional amplifier or a current feedback operational ampli- 
fier may be used. Alternatively, an operational amplifier 
added with various correction circuits such as a phase 
compensation circuit may be employed. 
[0058] The operational amplifier normally operates so 
that a potential of a non-inverting (positive phase) input 
terminal may be equal to a potential of an inverting input 
terminal, though the potentials of the non-inverting (pos- 
itive phase) inputterminal and the inverting inputterminal 
may not be equal due to variations in characteristics and 
the like. In other words, an offset voltage may be gener- 
ated. In that case, similarly to a normal operational am- 
plifier, potentials of a non-inverting (positive phase) input 
terminal and an inverting input terminal may be adjusted 
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to be equal to each other. In the case of the invention, 
however, the current source transistor 102 is only re- 
quired to be controlled to operate in a saturation region. 
Therefore, as long as the current source transistor 102 
operates in a saturation region, an offset voltage may be 
generated in the operational amplifier and variations in 
offset voltages do not have an effect. Accordingly, even 
when the operational amplifier is constituted by transis- 
tors whose current characteristics vary significantly, it 
can operate normally. 

[0059] When focusing on the connection of the circuit 
shown in FIG. 8, the second input terminal 110 of the 
operational amplifier (inverting input terminal) is connect- 
ed to the output terminal 109. This circuit configuration 
is generally called a voltage follower circuit. That is, a 
voltage of the first input terminal 108 (the non-inverting 
(positive phase) input terminal) is output to the output 
terminal, and the input and output impedance is convert- 
ed. Therefore, not only the operational amplifier connect- 
ed as shown in FIG. 8 but also a circuit having a function 
similar to the voltage follower circuit may be utilized as 
the amplifier circuit 1 07 used in FIG. 3. 
[0060] There is a source follower circuit as a circuit for 
converting the input and output impedance. In a normal 
source follower circuit, an input potential and an output 
potential are not equal to each other. However, in the 
amplifier circuit 107 used in FIG. 3, the input potential 
and the output potential thereof are not required to be 
equal to each other. That is, the amplifier circuit has to 
be a circuit that can control the current source transistor 
302 to operate in a saturation region. Thus, FIG. 9 shows 
a configuration in the case of using a source follower 
circuit 907 as the amplifier circuit 1 07. When a potential 
of an input terminal 908 (gate terminal of an amplifying 
transistor 901), namely a potential of the gate terminal 
of the current source transistor 302 changes, a potential 
of the output terminal 109 (source terminal of the ampli- 
fying transistor 901 ), namely a potential of the drain ter- 
minal of the current source transistor 302 also changes. 
When the potential of the drain terminal of the current 
source transistor 1 02 changes, a potential of the source 
terminal of the current source transistor 302 also chang- 
es. 

[0061] In FIG. 9, an N-channel transistor is used as 
the amplifying transistor 901 . Accordingly, the potential 
of the output terminal 109 (source terminal of the ampli- 
fying transistor 901) is lower than the potential of the input 
terminal 908 (gate terminal of the amplifying transistor 
901 ) by a gate-source voltage of the amplifying transistor 
901 . Thus, the current source transistor 302 operates in 
a saturation region. As is evident from the foregoing, in 
the case of a source follower circuit 907 being used as 
the amplifying circuit 107 in FIG. 3, it is preferable to 
adopt a configuration in which the current source tran- 
sistor 302 can operate in a saturation region easily (in 
the case of FIG. 9, the amplifying transistor 901 is an 
N-channel transistor). However, a P-channel transistor 
may be employed for the amplifying transistor 901 in FIG. 



9, as long as it operates normally. FIG. 1 0 shows a con- 
figuration diagram corresponding to FIG. 9, in which the 
direction of current is inverted. As shown in FIG. 10, the 
polarity of each transistor may be changed. 

5 [0062] Although biasing transistors 902 and 1002 are 
used and a bias voltage is applied to gate terminals there- 
of 903 and 1003 in FIG. 9 and FIG. 10, the invention is 
not limited to this. A resistor element and the like may be 
used instead of the biasing transistors 902 and 1002. 

10 Alternatively, a push-pull circuit may be constituted by a 
transistor that has the opposite polarity to amplifying tran- 
sistors 901 and 1001. 

[0063] In the case of source follower circuits 907 and 
1007, similarly to the case of the operational amplifier, 

^5 variations in output voltages do not have an effect as long 
as the current source transistors 302 and 1 0002 operate 
in a saturation region. Accordingly, even when the source 
follower circuits 907 and 1 007 are constituted by transis- 
tors whose current characteristics vary significantly, it 

20 can operate normally. 

[0064] As described above, as long as the current 
source transistor operates in a saturation region, varia- 
tions in output voltages of the amplifier circuit do not have 
an effect. Therefore, in the voltage follower circuit, the 

25 source follower circuit and the like, an input voltage does 
not have to be proportional to an output voltage. That is, 
any circuit may be adopted as long as the current source 
transistor can be controlled to operate in a saturation 
region. 

30 [0065] As set forth above, as long as the cur rent source 
transistors 102, 202, 302, and 1002 operate in a satura- 
tion region, variations in characteristics of the amplifier 
circuits 107 and 207, the operational amplifiers 407 and 
507, and the source follower circuits 907 and 1 007 used 

35 in FIGS. 1 to 5 and FIGS. 8 to 1 0 do not have an effect. 
Therefore, even in the case of the amplifier circuits 107 
and 207, the operational amplifiers 407 and 507, and the 
source follower circuits 907 and 1007 being constituted 
by transistors whose current characteristics vary signifi- 
cantly, a normal operation can be performed. 
[0066] Accordingly, a thin film transistor (including a 
transistor using amorphous or polycrystalline as an active 
layer), an organic transistor or the like may be effectively 
used instead of a transistor whose channel portion is 

^5 formed of single crystalline. 

[0067] Although the operational amplifier and the 
source follower circuit are used as an example of the 
amplifier circuits 1 07 and 207, the invention is not limited 
to this. The amplifier circuit can be constituted by other 

50 various circuits such as a differential circuit, a common 
drain amplifier circuit and a common source amplifier cir- 
cuit. 

[0068] It is to be noted that the description in this em- 
bodiment mode corresponds to a detailed description of 
55 a part of the configuration shown in Embodiment Mode 
1 . However, various changes and modifications are pos- 
sible unless such changes and modifications depart from 
the scope of the invention. 
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(Embodiment Mode 3) 

[0069] According to the invention, a current Idata is 
supplied from a current source circuit, and a current 
source transistor is set to flow the current Idata. Then, 
the set current source transistor operates as a current 
source circuit and supplies a current to various loads. 
Described in this embodiment are a connection between 
a load and a current source transistor, a configuration of 
a transistor when supplying a current to a load, and the 
like. 

[0070] Although this embodiment mode will be de- 
scribed, for simplicity, with reference to the configuration 
shown in FIG. 1, and more particularly the configuration 
using the operational amplifier 407 as the amplifier cir- 
cuits 107 and 207 (FIG. 4), the invention is not limited to 
this. This embodiment mode can be easily applied to oth- 
er configurations as shown in FIGS. 2 to 5, FIGS. 8 to 1 0 
and the like. 

[0071] In addition, described in this embodiment mode 
is the case where a current flows from the current source 
circuit to the current source transistor and the current 
source transistor is an N-channel transistor, though the 
invention is not limited to this. This embodiment mode 
can be easily applied to other configurations as shown 
in FIGS. 2 to 5, FIGS. 8 to 10 and the like. 
[0072] First, FIG. 1 1 shows a configuration in which a 
current is supplied to the load 1101 by using only the 
current source transistor 102 to which a current is sup- 
plied from the current source circuit 1 01 . 
[0073] Note that any type of load can be employed. It 
may be an element such as a resistor, a transistor, an 
BL element, other light emitting elements, a current 
source circuit including a transistor, a capacitor, a switch 
and the like, and a wiring connected to a certain circuit. 
In addition, a signal line may be used as well as a signal 
line and a pixel connected thereto. The pixel may com- 
prise any display element such as an EL element and an 
element used for FED. 

[0074] An operation of FIG. 1 1 is described taking for 
example the case of an operational amplifier being used 
as the amplifier circuit 107. First, as shown in FIG. 12, 
switches 1 1 03, 1 1 04 and 1 1 07 are turned on. Then, an 
operational amplifier 407 controls a source potential of 
the current source transistor 102 so that the current 
source transistor 102 may flow a current Idata supplied 
from the current source circuit 101 while operating in a 
saturation region. Since the operational amplifier 407 is 
used at this time, writing can be carried out quickly. Sub- 
sequently, the switch 1 1 04 is turned off as shown in FIG. 
13, and thereby the gate potential of the current source 
transistor 1 02 is held in the capacitor element 1 03. When 
the switches 1 1 03 and 1 1 07 are turned off as shown in 
FIG. 14, current supply is stopped. Then, switches 1 1 02 
and 1 1 06 are turned on as shown in FIG. 1 5, and thereby 
acurrent is supplied to a load 1 101 .The amount of current 
at this time is equal to the Idata when the current source 
transistor 102 operates in a saturation region. That is. 



even when there are variations in current characteristics 
and size of the current source transistor 102, influences 
thereof can be prevented. 

[0075] In the case of the wiring 106 being added with 

5 a certain potential, the source potential of the current 
source transistor 1 02 in writing and setting acurrent (FIG. 
12) may differ from that in outputting a current (FIG. 15). 
In that case, the gate-source voltage of the currentsource 
transistor 1 02 may vary. Variation of the gate-source volt- 

10 age leads to variation of a current value. Thus, the 
gate-source voltage in writing and setting acurrent (FIG. 
12) has to be equal to that in outputting a current (FIG. 
15). In order to achieve this, for instance, the wiring 1 06 
may be connected to the source terminal of the current 

^5 source transistor 1 02. Accordingly, the gate-source volt- 
age can be kept constant even when the source potential 
of the current source transistor 1 02 varies, since the gate 
potential varies depending on the variation of the source 
potential. 

20 [0076] Alternatively, a potential of the wiring 1 1 08 may 
be controlled so as to be equal to an output potential of 
the operational amplifier 407 in writing and setting acur- 
rent. For instance, a voltage follower circuit or the like 
may be connected to the wiring 1 108 to control the po- 

25 tential of the wiring 1 1 08. 

[0077] Instead, as shown in FIGS. 1 6 and 1 7, a capac- 
itor element 1 603 may be disposed between the second 
input terminal 110 and the wiring 1106, and electric 
charges may be held by a switch 1 604, thereby a current 

30 may be supplied from the operational amplifier 407 in 
outputting a current (FIG. 17) as well as in writing and 
setting a current (FIG. 16). 

[0078] Although various wirings (the wiring 105, the 
wiring 1 108, the wiring 1 105 and the like) are provided 
35 in the circuit shown in FIG. 11, these wirings may be 
connected as long as a normal operation can be per- 
formed. For example, the wiring 1 05 and the wiring 1 1 08 
operate at nearly equal potentials, thus, the wirings can 
be connected to each other to simplify the circuit config- 
uration and reduce the layout area. Furthermore, the wir- 
ing 1 105 and the wiring 104 may be connected to each 
other, because the operation is not much influenced by 
the connection. 

[0079] Next, FIG. 1 8 shows a configuration diagram in 
^5 which a current is supplied to the load 1 101 by using a 
transistor other than the current source transistor. A gate 
terminal of the current transistor 1802 is connected to 
the gate terminal of the current source transistor 102. 
Thus, the current transistor 1 802 can supply a current in 
50 accordance with the gate potential of the current source 
transistor 102. In addition, when the W/L of the current 
source transistor 102 and the current transistor 1802 is 
adjusted, the amount of current supplied to the load 1101 
can be bought. For example, when the W/L of the current 
55 transistor 1 802 is small, the amount of current supplied 
to the load 1 101 is reduced, and thereby the amount of 
Idata can be increased. As a result, writing of current can 
be carried out quickly. However, when there are varia- 
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tions in current characteristics of tlie current source tran- 
sistor 102 and the current transistor 1802, influences 
thereof are inevitable. 

[0080] I n order that the gate-source voltages of the cur- 
rent source transistor 1 02 and the current transistor 1 802 
in writing and setting a current are equal to those in out- 
putting a current, a switch 1906 and a wiring 1908 may 
be connected to each other as shown in FIG. 19. Oper- 
ations of FIG. 1 9 are shown in FIGS. 20 and 21 . FIG. 20 
shows an operation in writing and setting acurrent where- 
as FIG. 21 shows an operation in outputting a current. 
Note that a switch 1902 has a function to prevent an 
unnecessary current from flowing when a current being 
written and set, and to prevent incorrect setting. There- 
fore, in the case where when writing and setting acurrent, 
a current flows as shown in FIG. 22 and the setting can 
be carried out correctly, the switch 1 902 may be omitted 
as shown in FIG. 22. 

[0081] It is to be noted that wirings may be connected 
to each other as long as a normal operation can be per- 
formed. Thus, in FIG. 1 9 and FIG. 22, the wiring 1 05 may 
be connected to the wiring 1908. 

[0082] FIG. 23 shows aconfiguration diagram in which 
a current is supplied to the load 1 101 by using another 
transistor as well as the current source transistor 1 02. In 
the case of the current Idata being supplied from the cur- 
rent source circuit 101 , when the current leaks to the load 
1101 or a current leaks from the load 1101, a proper 
current cannot be set. The current is controlled by the 
switch 1 102 in the case of FIG. 1 1 , while it is controlled 
by a multi-transistor 2302 in the case of FIG. 23. A gate 
terminal of the multi-transistor 2302 is connected to the 
gate terminal of the current source transistor 1 02. There- 
fore, when the switches 1 1 03 and 1 1 04 are on and the 
current source transistor 1 02 operates in a saturation re- 
gion, the multi-transistor 2302 is off. Thus, it does not 
adversely affect when the current Idata is supplied from 
the current source circuit 1 01 . On the other hand, when 
a current is supplied to the load 1101, the current source 
transistor 1 02 and the multi-transistor 2302 whose gate 
terminals are connected to each other operate as a mul- 
ti-gate transistor. Accordingly, acurrent smaller than the 
Idata is supplied to the load 1 1 01 . Since the amount of 
currentsupplied to the load becomes smaller, the amount 
of Idata can be increased. As a result, writing of current 
can be carried out quickly. When there are variations in 
current characteristics of the current source transistor 
1 02 and the multi-transistor 2302, influences thereof are 
inevitable. However, acurrent is supplied to the load 1101 
by using also the current source transistor 102, thus in- 
fluences of the variations can be suppressed. 
[0083] FIG. 24 shows a configuration for increasing 
the current Idata supplied from the current source circuit 
101 in a different manner than the one shown in FIG. 1 8 
or 23. In FIG. 24, a parallel transistor 2402 is connected 
in parallel with the current source transistor 102. There- 
fore, when a current is supplied from the current source 
circuit 1 01 , a switch 2401 is turned on. Meanwhile, in the 



case of a current being supplied to the load 1101, the 
switch 2401 is turned off. According to this, the current 
supplied to the load 1101 becomes smaller, and thereby 
the current Idata supplied from the current source circuit 

5 101 can be increased. 

[0084] In that case, however, variations of the parallel 
transistor 2402 and the current source transistor 102 
have an effect. Thus, in the case of FIG. 24, when a 
current is supplied from the current source circuit 101, 

10 the amount of the current may vary. That is, a large cur- 
rent is supplied first and the switch 2401 is turned on in 
accordance with the current. Then, a current flows into 
the parallel transistor 2402 and writing of current can be 
carried out quickly. In other words, this corresponds to a 

15 precharge operation. Subsequently, the current supplied 
from the current source circuit 101 is reduced, and the 
switch 2401 is turned off. Thus, the current is supplied 
and written to the current source transistor 1 02 only. Ac- 
cording to this, influences of variations can be prevented. 

20 Then, the switch 1 1 02 is turned on and a current is sup- 
plied to the load 1101. 

[0085] In FIG. 24, the transistor is added in parallel 
with the current source transistor. FIG. 25 shows a con- 
figuration diagram in which a transistor is added in series. 

25 In FIG. 25, a series transistor 2502 is connected in series 
with the current source transistor 102. Therefore, when 
a current is supplied from the current source circuit 1 01 , 
a switch 2501 is turned on, and thereby a source and a 
drain of the series transistor 2002 are short-circuited. 

30 When a current is supplied to the load 1101, the switch 
2501 is turned off. Thus, the current source transistor 
1 02 and the series transistor 2502 whose gate terminals 
are connected to each other operate as a multi-gate tran- 
sistor. Accordingly, the gate length L is increased and 

35 the amount of current flowing into the load 1101 is re- 
duced, and thereby the current Idata supplied from the 
current source circuit 101 can be increased. 
[0086] In that case, however, variations of the series 
transistor 2502 and the current source transistor 102 
have an effect. Thus, in the case of FIG. 25, when a 
current is supplied from the current source circuit 101, 
the amount of the current may vary. That is, a large cur- 
rent is supplied first and the switch 2501 is turned on In 
accordance with the current. Then, a current flows only 

^5 into the current source transistor 1 02 and writing of cur- 
rent can be carried out quickly. In other words, this cor- 
responds to a precharge operation. Subsequently, the 
current supplied from the current source circuit 101 is 
reduced, and the switch 2501 is turned off. Thus, the 

50 current is supplied and written to the current source tran- 
sistor 1 02 and the series transistor 2502. According to 
this, influences of variations can be prevented. Then, the 
switch 1 1 02 is turned on and a current is supplied to the 
load 1 101 by the current source transistor 102 and the 

55 series transistor 2502 that constitute a multi-gate tran- 
sistor. 

[0087] It is to be noted that various configurations 
shown in FIGS. 11 to 25 may be combined to obtain an- 
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other configuration. 

[0088] Although the current source circuit 1 01 and the 
load 1101 are switched over in FIGS. 11 to 25, the in- 
vention is not limited to this, For example, the current 
source circuit 101 and a wiring may be switched over. 
FIG. 26 shows a configuration corresponding to FIG. 1 1 , 
In which the current source circuit 101 and a wiring are 
switched over. An operation of FIG. 26 Is described here- 
inafter. First, the current Idata Is supplied from the current 
source circuit 101 to the current source transistor 102, 
and the switches 1 1 03, 1 1 04 and 1 1 07 are turned on in 
the case of a current being set. Then, the current source 
transistor 102 operates as a current source circuit, and 
the switches 1 1 03, 1 1 04 and 1 1 07 are turned off while 
switches 2602 and 1 102 are turned on in the case of a 
current being supplied to the load. In this manner, when 
the switches 1 1 03 and 2602 are turned on/off, the current 
source circuit 101 and a wiring 2605 are switched over. 
[0089] In the case of the current Idata being supplied 
from the current source circuit 1 01 to the current source 
transistor 1 02, the switch 1 1 02 Is turned off and a current 
is prevented from flowing into the load 1101, though the 
invention is not limited to this. When the current Idata is 
supplied from the current source circuit 1 01 to the current 
source transistor 102, a current may flow Into the load 
1101. In that case, the switch 1 1 02 may be omitted. 
[0090] The capacitor element 103 holds the gate po- 
tential of the current source transistor 1 02. It is more de- 
sirable that the wiring 106 be connected to the source 
terminal of the current source transistor 102 In order to 
hold the gate-source voltage. 

[0091] Note that FIG. 26 shows a configuration dia- 
gram corresponding to FIG. 11, In which the current 
source circuit 1 01 and the load 1 1 01 are switched over, 
though the invention is not limited to this. A configuration 
in which the current source circuit 1 01 and the load 1 1 01 
are switched over can be achieved in any one of the 
configurations shown in FIGS. 1 1 to 25. 
[0092] It is to be noted that although the switches are 
arranged in each part in the configurations described 
above, the arrangement is not limited to the foregoing. 
The switches may be disposed anywhere as long as they 
operate normally. 

[0093] In the case of the configuration shown in FIG. 
1 1 , for instance, the connection as shown in FIG. 27 may 
be adopted when the current Idata Is supplied from the 
current source circuit 1 01 to the current source transistor 
102, while the connection as shown in FIG. 28 may be 
adopted when the current source transistor 1 02 operates 
as a current source circuit and a current Is supplied to 
the load 1101. Thus, the configuration shown In FIG. 1 1 
may be connected as shown in FIG. 29. The arrangement 
of the switches 1 102, 1 1 03 and 1 1 04 is modified in FIG. 
29, though a normal operation can be performed. 
[0094] Similarly, the configuration shown In FIG. 19 
may be connected as shown In FIG. 30. The arrangement 
of the switch 1 1 04 is modified in FIG. 30, though a normal 
operation can be performed. 



[0095] Note that the switches shown in FIG. 1 1 and 
the like may be any one of electrical ones and mechanical 
ones as long as a current flow can be controlled. They 
may be transistors, diodes, or logic circuits made of com- 

5 binations thereof. When a transistor being used as a 
switch, since it operates only as a switch, the polarity 
(conductivity type) of the transistor Is not particularly re- 
stricted. However, In the case of an off current being de- 
sirable to be small, it Is desirable to use a transistor having 

10 the polarity less in the off current. As a transistor less in 
the off current, there is the one in which an LDD region 
Is disposed, and the like. Furthermore, when a transistor 
functioning as a switch operates in a state where a po- 
tential of a source terminal thereof is close to a low po- 

15 tential side power source (Vss, Vgnd, 0 V and the like), 
an n-channel type is desirably used. On the contrary, 
when a transistor operates In a state where a potential 
of the source terminal is close to a high potential side 
power source (Vdd and the like), a p-channel type is de- 

20 sirably used. The reason for this Is that since the absolute 
value of a gate-source voltage can be made larger, the 
transistor can efficiently operate as a switch. With both 
an n-channel type and a p-channel type, a CMOS type 
switch may be formed. 

25 [0096] Although various examples are shown above, 
the invention is not limited to this. The current source 
transistor and various transistors operating as current 
sources may be disposed In various configurations. In 
addition, wirings may be connected to each other within 

30 a range a normal operation can be performed. Therefore, 
the invention can be applied to any configuration as long 
as a similar operation can be performed. 
[0097] It Is to be noted that this embodiment mode Is 
described with reference to the configurations shown in 

35 Embodiment Modes 1 and 2. However, the invention is 
not limited to this and various changes and modifications 
are possible unless such changes and modifications de- 
part from the scope of the Invention. Therefore, the de- 
scriptions in Embodiment Modes 1 and 2 can be applied 
to this embodiment mode. 

(Embodiment Mode 4) 

[0098] The configurations each including one current 
source circuit and one current source transistor are de- 
scribed above. Described In this embodiment mode Is 
the case where a plurality of current source transistors 

and the like are disposed. 

[0099] FIG. 31 shows a configuration corresponding 
50 to FIG. 12, in which a plurality of current source transis- 
tors are disposed. In FIG. 31 , one current source circuit 
101 and one operational amplifier 407 are disposed for 
a plurality of current source transistors 102a and 102b. 
A plurality of current source circuits or a plurality of op- 
55 eratlonal amplifiers may be disposed for a plurality of 
current source transistors. However, since the circuit ar- 
ea increases, one current source circuit 101 and one op- 
erational amplifier 407 are preferably disposed. Though, 
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the amplifier circuit (source follower circuit 907) in FIG. 
9 is constituted by two transistors in many cases, thus, 
a plurality of amplifier circuits (source follower circuits) 
may be disposed for a plurality of current source transis- 
tors. 

[0100] A configuration of FIG. 31 is described next. 
First, the current source circuit 101 and the operational 
amplifier 407 are disposed, which are collectively called 
a resource circuit 3101 hereinafter. The resource circuit 
3101 is connected to a current line 3102 connected to 
the current source circuit 101 and a voltage line 3103 
connected to an output terminal of the operational am- 
plifier 407. The current line 3102 and the voltage line 
3103 are connected to a plurality of unit circuits 3104a 
and 3104b. The unit circuit 3104a includes the current 
source transistor 1 02a, a capacitor element 1 03a, switch- 
es 1 1 02a, 1 1 03a, 1 1 04a, 1 1 06a, and 1 1 07a, and the like. 
The unit circuit 31 04a is connected to a load 1101a con- 
nected to a wiring 1 105a. The unit circuit 3104b has a 
similar configuration to the unit circuit 3104a. The two 
unit circuits are connected herein for simplicity, though 
the invention is not limited to this. The number of unit 
circuits may be determined arbitrarily. 
[01 01 ] As for operations, since a plurality of unit circuits 
are connected to one current line 3102 and one voltage 
line 31 03, each unit circuit is selected and a current and 
a voltage are sequentially supplied thereto from the re- 
source circuit 31 01 through the current line 31 02 and the 
voltage line 31 03. For example, the operation is carried 
out such that the switches 1 1 03a, 1 1 04a and 1 1 07a are 
turned on first to input a current and a voltage to the unit 
circuit 31 04a, and switches 1 1 03b, 1 1 04b and 1 1 07b are 
turned on next to input a current and a voltage to the unit 
circuit 3104b. 

[0102] These switches can be controlled by a digital 
circuit such as a shift register, a decoder circuit, acounter 
circuit, and a latch circuit. 

[0103] In the case where the loads 1101a, 1101b and 
the like are display elements such as EL elements, the 
unit circuit and the load constitute one pixel, and the re- 
source circuit 3101 corresponds to (a part of) a signal 
line driver circuit that supplies a signal to a pixel connect- 
ed to a signal line (current line 3102 and voltage line 
31 03). In other words, FIG. 31 shows one column of pix- 
els and (a part of) a signal line driver circuit. In that case, 
a current output from the current source circuit 1 01 cor- 
responds to an image signal. When this image signal 
current is changed in an analog manner or a digital man- 
ner, the proper amount of current can be supplied to each 
of the loads 1101a and 1101b (display element such as 
EL element). At this time, the switches 1 1 03a, 1 1 04a and 
1 1 07a, the switches 1 1 03b, 1 1 04b and 1 1 07b, and the 
like are controlled by a gate line driver circuit. 
[01 04] Further, in the case of the current source circuit 
1 01 in FIG. 31 being (a part of) a signal line driver circuit, 
the current source circuit 101 is required to output a cur- 
rent accurately without being influenced by variations in 
current characteristics and size of transistors. Accord- 



ingly, thecurrentsource circuit 1 01 in (a part of) the signal 
line driver circuit is constituted by a circuit including a 
transistor that functions similarly to the current source 
transistors 1 02, 202, 302, and 1 0002, and a current can 

5 be supplied from another current source circuit to the 
current source transistor in (a part of) the signal line driver 
circuit. In other words, when the loads 1 1 01 a, 1 1 01 b and 
the like in FIG. 31 are a signal line, a pixel connected to 
the signal line, and the like, the unit circuits 3104a and 

10 3104b constitute (a part of) the signal line driver circuit, 
and the resource circuit 3101 is (a part of) a current 
source circuit that supplies a signal to a current source 
transistor (current source circuit) in the signal line driver 
circuit connected to the current line 3102. That is, FIG. 

^5 31 shows a plurality of signal lines, (a part of) a signal 
line driver circuit, and (a part of) a current source circuit 
that supplies a current to the signal line driver circuit. 
[0105] In such a case, a current output from the current 
source circuit 101 corresponds to a current supplied to 

20 a signal line and a pixel. Therefore, in the case of, for 
instance, acurrentcorresponding to acurrentoutputfrom 
the current source circuit 1 01 being supplied to a signal 
line and a pixel connected to the signal line, the current 
output from the current source circuit 101 corresponds 

25 to an image signal. When this image signal current is 
changed in an analog manner or a digital manner, the 
proper amount of current can be supplied to each load 
(a signal line and a pixel connected to the signal line). At 
this time, the switches 1103a, 1104a and 1107a, the 

30 switches 1 1 03b, 1 1 04b and 1 1 07b, and the like are con- 
trolled by a circuit (shift register, latch circuit and the like) 
that is a part of the signal line driver circuiL 
[0106] It is to be noted that the circuit or the like (shift 
register, latch circuit or the like) for controlling the switch- 

35 es 1103a, 1104a and 1107a and the switches 1103b, 
1 1 04b and 1 1 07b is disclosed in I nternational Publication 
WO 03/038796, International Publication WO 
03/038797, and the like. The invention can be implement- 
ed in combination with the descriptions thereof. 
[0107] Alternatively, in the case of a predetermined 
amount of current being output from the current source 
circuit 1 01 , a switch or the like being used for controlling 
whether to supply the current, and a current correspond- 
ing thereto being supplied to a signal line and a pixel, the 

^^5 current output from the current source circuit 1 01 corre- 
sponds to a signal current for supplying a predetermined 
amount of current. The switch for determining whether 
to supply acurrentto asignal line and apixel is controlled 
in a digital manner to control the amount of current sup- 

50 plied to the signal line and the pixel, and thereby the 
proper amount of current can be supplied to each load 
(signal line and pixel). In that case, the switches 1 103a, 
1 1 04a and 1 1 07a, the switches 1 1 03b, 1 1 04b and 1 1 07b, 
and the like are controlled by a circuit (shift register, latch 

55 circuitorthe like) that is a part of asignal line driver circuiL 
At this time, however, a driver circuit (shift register, latch 
circuit or the like) is needed for controlling the switch that 
determines whether to supply a current to a signal line 
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and a pixel. Accordingly, the driver circuit (shift register, 
latch circuit or the like) for controlling the switch is re- 
quired as well as adrivercircuit (shift register, latch circuit 
or the like) for controlling the switches 1 1 03a, 1 1 04a and 
1 1 07a, the switches 1 1 03b, 1 1 04b and 1 1 07b, and the 5 
like. These driver circuits may be provided separately. 
For example, a shift register for controlling the switches 
1 1 03a, 1 1 04a and 1 1 07a, and the switches 1 1 03b, 1 1 04b 
and 11 07b may be provided independently. Instead, the 
driver circuit (shift register, latch circuit or the like) for io 
controlling the switch and the driver circuit (shift register, 
latch circuit or the like) for controlling the switches 1 1 03a, 
1 1 04a and 1 1 07a, the switches 1 1 03b, 1 1 04b and 1 1 07b, 
and the like may be shared partially or entirely. For in- 
stance, one shift register may be used for controlling both f5 
the switches, or an output (image signal) of a latch circuit 
and the like may be used in a driver circuit (shift register, 
latch circuit or the like) for controlling the switch that de- 
termines whether to supply a current to a signal line and 
a pixel. 20 
[01 08] It is to be noted that the driver circuit (shift reg- 
ister, latch circuit or the like) for controlling the switch that 
determines whether to supply a current to a signal line 
and a pixel and the driver circuit (shift register, latch circuit 
or the like) for controlling the switches 1 1 03a, 1 1 04a and 25 
1 1 07a, the switches 1 1 03b, 1 1 04b and 1 1 07b, and the 
like are disclosed in International Publication WO 
03/038793, International Publication WO 03/038794, In- 
ternational Publication WO 03/038795 and the like. The 
invention can be implemented in combination with the 30 
descriptions thereof. 

[0109] FIG. 31 shows the case in which the current 
source transistors 102a and 102b are disposed for the 
loads 1101a and 1101b respectively. Next, the case in 
which a plurality of current source transistors are dis- 35 
posed for one load is shown in FIG. 32. Two unit circuits 
are connected to one load herein for simplicity, though 
the invention is not limited to this. Three or more unit 
circuits may be connected or a single unit circuit may be 
connected. The amount of current flowing into a load 
llOlaa can be controlled by turning on/off a switch 
3201 aa and a switch 3201 ba. In the case of, for instance, 
a current value (laa) output from a unit circuit 3104aa 
being different from a current value (Iba) output from a 
unitcircuit31 04ba, four different amounts of current flow- 45 
ing into the load 1101aa can be controlled by turning 
on/off each the switch 3201 aa and the switch 3201 ba. 
For example, when Iba = 2*laa is satisfied, the amount 
of current can be controlled by two bits. Therefore, in the 
case where the switch 3201 aa and the switch 3201 ba 50 
are turned on/off by digital data corresponding to each 
bit, a digital to analog conversion can be achieved by 
using the configuration shown in FIG. 32. Thus, in the 
case of the loads 1 1 01 aa and 1 1 01 bb being signal lines, 
(a part of) a signal line driver circuit can be obtained by 55 
using the configuration shown in FIG. 32. In this case, a 
digital image signal can be converted into an analog im- 
age signal current. The switch 3201 aa and the switch 
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3201 ba can be turned on/off by an image signal. Accord- 
ingly, the switch 3201 aa and the switch 3201 ba can be 
controlled by a circuit (latch circuit) and the like for out- 
putting an image signal. 

[01 1 0] The switch 3201 aa and the switch 3201 ba may 
be turned on/off over time. For example, in a certain pe- 
riod, the switch 3201 aa is turned on while the switch 
3201 ba is turned off, a current is set so as to be input 
from a resource circuit 3101b to the unit circuit 3104ba 
and output with accuracy, and a current is supplied from 
the unit circuit 3104aa to the load llOlaa. In another 
period, the switch 3201 aa is turned off while the switch 
3201 ba is turned on, a current is set so as to be input 
from a resource circuit 3101a to the unit circuit 3104aa 
and output with accuracy, and a current is supplied from 
the unit circuit 31 04ba to the load 1 lOlaa. In this manner, 
the switches may be operated by switching over time. 
[0111] In FIG. 32, the two resource circuits 31 01 a and 
3101b are used for supplying a current to the unit circuits 
3104aa, 3104ba, 3104ab, and 3104bb. FIG. 33 shows 
the case in which the one resource circuit 3101 is used 
for supplying a current to unit circuits 3104ca, 3104cb, 
3104da, and 3104db. 

[01 12] It is supposed that, for example, in the case of 
a wiring 3304c being an H signal, switches 3301 ca, 
3302ca and 3303cb are turned on while switches 3303ca, 
3301 cb and 3302cb are turned off. Then, the unit circuit 
31 04cabecomescapable of being supplied with acurrent 
from the resource circuit 3101 whereas the unit circuit 
3104cb becomes capable of supplying a current to a load 
1 1 01 ca. On the contrary, in the case of the wiring 3304c 
being an L signal, the unit circuit 31 04cb becomes capa- 
ble of being supplied with a current from the resource 
circuit 3101 whereas the unit circuit 3104ca becomes 
capable of supplying a current to the load 1 lOlca. Fur- 
ther, the wiring 3304c, a wiring 3304d and the like may 
be selected in sequence by a signal. In this manner, the 
operation of a unit circuit may be switched over time. 
[0113] In the case of the loads llOIca and 11 01 da 
being signal lines, (a part of) a signal line driver circuit 
can be obtained by using the configuration shown in FIG. 
33. In addition, the wiring 3304c, the wiring 3304d and 
the like may be controlled by a shift register and the like. 
[01 14] Although in this embodiment mode, the config- 
uration including a plurality of current source transistors 
is shown with reference to the configuration in FIG. 12, 
the invention is not limited to this. The similar configura- 
tion can be achieved with reference to another configu- 
ration than the one shown in FIG. 12. 
[0115] It is to be noted that this embodiment mode is 
described with reference to the configurations shown in 
Embodiment Modes 1 , 2 and 3. However, the invention 
is not limited to this and various changes and modifica- 
tions are possible unless such changes and modifica- 
tions depart from the scope of the invention. Therefore, 
the descriptions in Embodiment Modes 1 , 2 and 3 can 
be applied to this embodiment mode. 
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(Embodiment Mode 5) 

[01 1 6] Described in this embodiment mode is tine case 
in which the Invention is applied to a pixel including a 

display element. 

[0117] Although this embodiment mode will be de- 
scribed with reference to the configurations shown in FIG. 
1 (FIGS. 1 1 , 2 and 5) and FIG. 3 (FIG. 8), the invention 
is not limited to this. This embodiment mode can be ap- 
plied to the various configurations shown in Embodiment 
Modes 1 to 4. 

[01 1 8] FIGS. 34 and 35 each shows a configuration in 

which the current source circuit 201 supplies a signal 
current as an image signal. The direction of current flow 
is the same in FIG. 34 and FIG. 35, though the polarity 
of the current source transistor 202 is different. There- 
fore, the connection is different between in FIG. 34 and 
FIG. 35. Note that an EL element is taken as an example 
of the load 1101 herein. 

[0119] When a signal current supplied as an image 
signal by the current source circuit 201 is an analog value, 
images can be displayed with analog gray scale. When 
asignal current is adigital value, images can be displayed 
with digital gray scale. In order to achieve multi-level gray 
scale, digital gray scale may be combined with a time 
gray scale method or an area gray scale method. 
[01 20] It is to be noted that the time gray scale method 
is not described in no more details herein, and it may be 
carried out in accordance with Japanese Patent Applica- 
tion No. 2001-5426, Japanese Patent Application No. 
2001-343933 and the like. 

[0121] One gate line is shared to control each of the 
switches 1102, 1104, 1106, and 1107 by adjusting the 
polarity of transistors. According to this, the aperture ratio 
can be improved, though respective gate lines may be 
disposed. In particular, when adopting the time gray scale 
method, a period in which a current is not supplied to the 
load 1101 (EL element) is needed. In that case, another 
wiring may be provided as a gate line for controlling the 
switch 1 1 02 that can stop supplying a current to the load 
1101 (EL element). 

[01 22] FIG. 36 shows a configuration of a pixel includ- 
ing a sub-current source circuit 3601, in which images 
are displayed in accordance with whether a current sup- 
plied by the sub-current source circuit 3601 flows or not. 
When a selective gate line 3606 being selected, a switch 
3604 is turned on and a digital image signal (a voltage 
value in general) is input from a signal line 3605 to a 
capacitor element 3603. It is to be noted that the capacitor 
element 3603 can be omitted when gate capacitance of 
a transistor is used instead. A switch 3602 is turned on/off 
by the stored digital image signal. The switch 3602 con- 
trols whether a current supplied by the current source 
circuit 3601 flows to the load 1101 or not. As a result, 
images can be displayed. 

[0123] In order to achieve multi-level gray scale, the 
time gray scale method and the area gray scale method 
may be adopted in combination. 



[0124] Although onlythe one sub-current source circuit 
3601 and the one switch 3602 are disposed in FIG. 36, 
the invention is not limited to this. A plurality of pairs of 
current source circuit and switch may be disposed to con- 
5 trol whether a current from each current source circuit 
flows or not, and the sum of the current may flow to the 
load 1101. 

[0125] Next, a specific configuration example of FIG. 
36 is shown in FIG. 37. The configuration shown in FIG. 

10 1 (FIG. 11, FIG. 2 and FIG. 5) is adopted herein for a 
current source transistor. A current is supplied from the 
current source circuit 201 to the current source transistor 
202 and the capacitor element 3603, and the gate termi- 
nal of the current source transistor 202 is set to a proper 
15 voltage. Then, the switch 3602 is turned on/off in accord- 
ance with an image signal input from the signal line 3605 
to supply a current to the load 1101, and thereby images 
are displayed. 

[0126] It is to be noted that this embodiment mode is 
20 described with reference to the configurations shown in 
Embodiment Modes 1 to 4. However, the invention is not 
limited to this and various changes and modifications are 
possible unless such changes and modifications depart 
from the scope of the invention. Therefore, the descrip- 
25 tions in Embodiment Modes 1 to 4 can be applied to this 
embodiment mode. 

(Embodiment Mode 6) 

30 [0127] Described in this embodiment mode are con- 
figurations and operations of a display device, a signal 
line driver circuit and the like. The circuit of the invention 
can be applied to a part of a signal line driver circuit and 
a pixel. 

35 [0128] A display device comprises, as shown in FIG. 
38, a pixel array 3801 , a gate line driver circuit 3802 and 
asignal line driver circuit 3810. The gate line driver circuit 
3802 sequentially outputs a selective signal to the pixel 
array3801 . Thesignal Iinedrivercircuit381 Osequentially 
outputs a video signal to the pixel array 3801 . In the pixel 
array 3801 , a state of light is controlled depending on a 
video signal to display images. A video signal input from 
the signal line driver circuit 381 0 to the pixel array 3801 
is a current in many cases. In other words, a state of a 

^5 display element and an elementfor controlling the display 
element that are disposed in each pixel changes in ac- 
cordance with a video signal (current) input from the sig- 
nal line driver circuit 381 0. As adisplay elementdisposed 
in each pixel, an EL element, an element used for FED 

50 (Field Emission Display) and the like are taken as an 
example. 

[01 29] It is to be noted that a plurality of gate line driver 
circuits 3802 may be disposed as well as a plurality of 
signal line driver circuits 3810. 
55 [0130] Thesignal line driver circuit 38 10 can be divided 
into plural parts. It can be roughly divided, for instance, 
into a shift register 3803, a first latch circuit (LAT1 ) 3804, 
a second latch circuit (LAT2) 3805, and adigital to analog 
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converter circuit 3806. Tlie digital to analog converter 
circuit 3806 may have a function to convert a voltage to 
a current as well as a function to perform gamma correc- 
tion. That is, the digital to analog converter circuit 3806 
has a circuit for outputting a current (video signal) to a 5 
pixel, namely a current source circuit, to which the inven- 
tion can be applied. 

[01 31 ] As shown in FIG. 36, depending on a pixel con- 
figuration, a digital voltage signal for a video signal and 
a controlling current for a current source circuit in a pixel io 
are input to the pixel in some cases. In that case, the 
digital to analog converter circuit 3806 does not have a 
digital to analog conversion function but has a function 
to convert a voltage to a current, and has a circuit for 
outputting the current to a pixel as a controlling current, ^5 
namely a current source circuit to which the invention 
can be applied. 

[01 32] Furthermore, a pixel includes a display element 
such as an EL element, and a circuit for outputting a 
current (video signal) to the display element, namely a 20 
current source circuit to which the invention can be ap- 
plied. 

[0133] An operation of the signal line driver circuit 381 0 
is briefly described. The shift register 3803 is constituted 
by a plurality of columns of flip flop circuits (FF) and the 25 
like, to which a clock signal (S-CLK), a start pulse (SP) 
and an inverted clock signal (S-CLKb) are input. In ac- 
cordance with the timing of these signals, a sampling 
pulse is output in sequence. 

[01 34] The sampling pulse output from the shift regis- 3o 
ter 3803 is input to the first latch circuit (LAT1 ) 3804. In 
accordance with the timing of the sampling pulse, the 
first latch circuit (LAT1 ) 3804 holds a video signal in each 
column, which has been input from a video signal line 
3808. It is to be noted that in the case of the digital to 35 
analog converter circuit 3806 being disposed, the video 
signal is a digital value. The video signal at this time is a 
voltage in many cases. 

[0135] In the case of the first latch circuit 3804 and the 
second latch circuit 3805 being circuits capable of holding "^o 
an analog value, the digital to analog converter circuit 
3806 can be omitted in many cases. In that case, the 
video signal may be a current. Further, in the case of 
data output to the pixel array 3801 being binary data, that 
is, a digital value, the digital to analog converter circuit ^5 
3806 can be omitted in many cases. 
[01 36] When the holding of video signals is completed 
until the last column in the first latch circuit (LAT1 ) 3804, 
a latch pulse (Latch Pulse) is input from a latch control 
line 3809 during a horizontal flyback period, and the video 50 
signals held in the first latch circuit (LAT1 ) 3804 are trans- 
ferred to the second latch circuit (LAT2) 3805 at a time. 
Then, the video signals held in the second latch circuit 
(LAT2) 3805 are input to the digital to analog converter 
circuit 3806 per each row. Signals output from the digital 55 
to analog converter circuit 3806 are input to the pixel 
array 3801. 

[0137] During a period in which the video signals held 



in the second latch circuit (LAT2) 3805 are input to the 
digital to analog converter circuit 3806 and then to the 
pixel 3801, the shift register 3803 outputs a sampling 
pulse newly. That is, the two operations are carried out 
at the same time. According to this, a line sequential driv- 
ing becomes possible. These operations are repeated 
thereafter. 

[0138] In the case of a current source circuit included 
in the digital to analog converter circuit 3806 being a cir- 
cuit that performs a set operation and an output opera- 
tion, that is, a circuit to which a current is input from an- 
other current source circuit and which is capable of out- 
putting a current without being influenced by variations 
in characteristics of transistors, a circuit for supplying a 
current to the current source circuit is required. In that 
case, a reference current source circuit 3814 . is dis- 
posed. 

[01 39] Note that configurations of the signal line driver 
circuit and the like are not limited to the ones shown in 
FIG. 38. 

[01 40] For example, in the case of the first latch circuit 
3804 and the second latch circuit 3805 being circuits ca- 
pable of holding an analog value, as shown in FIG. 39, 
a video signal (analog current) may be input from the 
reference current source circuit 3814 to the first latch 
circuit (LAT1 ) 3804. Further, in FIG. 39, the second latch 
circuit 3805 is omitted in some cases. In that case, the 
first latch circuit 3804 often includes more current source 
circuits. 

[01 41 ] In such a case, the invention can be applied to 
a current source circuit in the digital to analog converter 
circuit 3806 shown in FIG. 38. The digital to analog con- 
verter circuit 3806 comprises a lot of unit circuits, and the 
reference current source circuit 381 4 includes the current 
source circuit 101 and the amplifier circuit 107. 
[0142] The invention can also be applied to a current 
source circuit in the first latch circuit (LAT1) 3804 shown 
in FIG. 39. The first latch circuit (LAT1) 3804 comprises 
a lot of unit circuits, and the reference current source 
circuit 381 4 includes the current source circuit 1 01 . 
[0143] Furthermore, the invention can be applied to a 
pixel (current source circuit included therein) in the pixel 
array 3801 shown in FIG. 38 and FIG. 39. The pixel array 
3801 comprises a lot of unit circuits, and the signal line 
driver circuit 381 0 includes the current source circuit 1 01 
and the amplifier circuit 1 07. 

[0144] That is, circuits each for supplying a current are 
disposed throughout a circuit. Such current source circuit 
is required to output a current with accuracy. Therefore, 
another current source circuit is used for setting a tran- 
sistor to output a current with accuracy. The another cur- 
rent source circuit is also required to output a current with 
accuracy. Thus, as shown in FIGS. 40 to 42, a basic 
current source circuit is disposed in a certain area, then 
current source transistors are set in sequence. According 
to this, a current source circuit can output a current with 
accuracy, to which the invention can be applied. 
[0145] As set forth above, any type of transistor may 
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be used for the transistor in the invention and the tran- 
sistor may be formed on any type of substrate. Accord- 
ingly, the circuits shown in FIG. 38, FIG. 39 and the like 
may be formed entirely on a glass substrate, a plastic 
substrate, asingle crystalline substrate, an SOI substrate 5 
or other substrates. Alternatively, a part of the circuits 
shown in FIG. 38, FIG. 39 and the like may be formed 
on a substrate, and the other part of the circuits shown 
in FIG. 38, FIG. 39 and the like may be formed on another 
substrate. In other words, not all the circuits shown in io 
FIG. 38, FIG. 39 and the like are required to be formed 
on the same substrate. In FIG. 38, FIG. 39 and the like, 
for example, the pixel 3801 and the gate line driver circuit 
3802 may be formed on a glass substrate by using TFTs, 
the signal line driver circuit 381 0 (or a part of the same) ^5 
may be formed on asingle crystalline substrate, and an 
IC chip thereof may be connected by COG (Chip On 
Glass) to be disposed on the glass substrate. Alterna- 
tively, the IC chip may be connected to the glass sub- 
strate by TAB (Tape Auto Bonding) or by using a printed 20 
substrate. 

[0146] It is to be noted that this embodiment mode is 
described with reference to the configurations shown in 
Embodiment Modes 1 to 5. Therefore, the descriptions 
in Embodiment Modes 1 to 5 can be applied to this em- 25 
bodiment mode. 

(Embodiment Mode 7) 

[0147] The invention can be applied to an electronic 3o 
circuit constituting a display portion of an electronic ap- 
pliance. Such an electronic appliance includes a video 
camera, a digital camera, a goggle type display (head 
mounted display), a navigation system, an audio repro- 
ducing device (an in-car audio system, an audio compo- 35 
nent set, and the like), a laptop personal computer, a 
game player, a portable information terminal (a mobile 
computer, a mobile phone, a portable game player, an 
electronic book, and the like), an image reproducing de- 
vice provided with a recording medium (specifically, a "^o 
device that reproduces a recording medium such as a 
Digital Versatile Disc (DVD) and includes a display ca- 
pable of displaying the reproduced images), and the like. 
That is, the invention can be applied to an electronic cir- 
cuit constituting a display portion of these appliances (for ^5 
instance, a pixel, a signal line driver circuit for driving the 
pixel, and the like). Specific examples of these electronic 
appliances are shown in FIGS. 43A to 43H. 
[01 48] FIG. 43A shows a light emitting device (the light 
emitting device means here a display device using a 50 
self-luminous type light emitting element for adisplay por- 
tion) that includes a housing 13001, a supporting base 
13002, adisplay portion 13003, speaker portions 1 3004, 
a video input terminal 13005, and the like. The invention 
can be applied to an electronic circuit that constitutes the 55 
display portion 13003. Further, according to the inven- 
tion, the light emitting device shown in FIG. 43A is com- 
pleted. Since the light emitting device is a self-luminous 



type, it requires no backlight, and thereby the display 
portion thereof can be made thinner than a liquid crystal 
display Note that the light emitting device refers to all 
display devices for displaying information, including ones 
for personal computers, for TV broadcasting reception, 
for advertisement and the like. 

[0149] FIG. 43B shows a digital still camera that in- 
cludes a main body 13101, adisplay portion 13102, an 
image receiving portion 13103, operating keys 13104, 
an external connecting port 1 31 05, a shutter 131 06, and 
the like. The invention can be applied to an electronic 
circuit that constitutes the display portion 13102. Further, 
according to the invention, the digital still camera shown 
in FIG. 438 is completed. 

[0150] FIG. 43C shows a laptop personal computer 
that includes a main body 13201, a housing 13202, a 
display portion 13203, a keyboard 13204, an external 
connecting port 1 3205, a pointing mouse 1 3206, and the 
like. The invention can be applied to an electronic circuit 
that constitutes the display portion 13203. Further, ac- 
cording to the invention, the light emitting device shown 
in FIG. 43C is completed. 

[0151] FIG. 43D shows a mobile computer that in- 
cludes a main body 13301, a display portion 13302, a 
switch 13303, operating keys 13304, an infrared port 
13305, and the like. The invention can be applied to an 
electronic circuit that constitutes the display portion 
13302. Further, according to the invention, the mobile 
computer shown in FIG. 43D is completed. 
[0152] FIG. 43E shows a portable image reproducing 
device provided with a recording medium (specifically a 
DVD reproducing device), that includes a main body 
13401, a housing 13402, a display portion A13403, a 
display portion B 13404, a recording medium (such as a 
DVD) reading portion 13405, an operating key 13406, a 
speaker portion 13407, and the like. The display portion 
A13403 mainly displays image data whereas the display 
portion B13404 mainly displays character data. The in- 
vention can be applied to an electronic circuit that con- 
stitutes the display portions A13403 and B13404. It is to 
be noted thatthe image reproducing device provided with 
a recording medium includes a home game player and 
the like. Further, according to the invention, the DVD re- 
producing device shown in FIG. 43E is completed. 
[0153] FIG. 43F shows a goggle type display (head 
mounted display) that includes a main body 13501, a 
display portion 13502, and an arm portion 13503. The 
invention can be applied to an electronic circuit that con- 
stitutes the display portion 13502. Further, according to 
the invention, the goggle type display shown in FIG. 43F 
is completed. 

[0154] FIG. 43G shows a video camera that includes 
a main body 13601 , a display portion 13602, a housing 
1 3603, an external connecting port 1 3604, a remote con- 
trol receiving portion 13605, an image receiving portion 
13606, a battery 13607, an audio input portion 13608, 
operating keys 13609, and the like. The invention can be 
applied to an electronic circuit that constitutes the display 
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portion 13602. Further, according to the invention, the 
video camera shown in FIG. 43G is completed. 
[0155] FIG. 43H shows a mobile phone that includes 
a main body 13701, a housing 13702, a display portion 
13703, an audio input portion 13704, an audio output 
portion 13705, an operating key 13706, an external con- 
necting port 13707, an antenna 13708, and the like. The 
invention can be applied to an electronic circuit that con- 
stitutes the display portion 13703. It is to be noted that 
current consumption of the mobile phone can be sup- 
pressed when the display portion 13703 displays white 
characters on a black background. Further, according to 
the invention, the mobile phone shown in FIG. 43H is 
completed. 

[0156] When the luminance of the light emitting mate- 
rial is improved in the future, it can be used for a front 
type or rear type projector by magnifying and projecting 
light including output image data by a lens and the like. 
[0157] The aforementioned electronic appliances are 
becoming to be more used for displaying data distributed 
through a telecommunication path such as Internet and 
a CATV (Cable Television System), and in particular 
used for displaying moving pictures data. A light emitting 
device is suitable for displaying moving pictures because 
a light emitting material can exhibit a remarkably high 
response. 

[0158] Furthermore, since light emitting parts con- 
sume power in a light emitting device, data is desirably 
displayed so that the light emitting parts may occupy as 
an area small as possible. Accordingly, in the case of a 
light emitting device being used for a display portion that 
mainly displays character data, such as the one of a port- 
able information terminal, particularly the one of a mobile 
phone or an audio reproducing device, it is preferably 
operated so that the character data emits light by using 
non-light emitting parts as background. 
[0159] As set forth above, the application range of the 
invention is so wide that it can be applied to electronic 
appliances of all fields. In addition, the electronic appli- 
ances shown in this embodiment mode may include a 
semiconductor device with any one of the configurations 
shown in Embodiment Modes 1 to 4. 



Claims 

1. A semiconductor device comprising: 

a circuit for controlling a current supplied to a 
load by a transistor a source or a drain of which 
is connected to a current source circuit; and 
an amplifier circuit for controlling a source po- 
tential or a drain potential of the transistor so 
that the transistor operates in asaturation region 
when a current is supplied from the current 
source circuit to the transistor. 

2. A semiconductor device comprising: 



a circuit for controlling a current supplied to a 
load by a transistor a source or a drain of which 
is connected to a current source circuit; and 
an amplifier circuit for stabilizing a source po- 
5 tential or a drain potential of the transistor. 

3. A semiconductor device comprising: 

a circuit for controlling a current supplied to a 
10 load by a transistor a source or a drain of which 

is connected to a current source circuit; and 
a feedback circuit for stabilizing a source poten- 
tial or a drain potential of the transistor. 

15 4. A semiconductor device comprising: 

a transistor for controlling a current supplied to 

a load; and 

an operational amplifier, 
20 wherein an inverting input terminal of the oper- 

ational amplifier is connected to a drain terminal 
side of the transistor connected to a current 

source circuit; 

a non-inverting input terminal of the operational 
25 amplifier is connected to a gate terminal side of 

the transistor; and 

an output terminal of the operational amplifier is 
connected to a source terminal side of the tran- 
sistor. 

30 

5. A semiconductor device comprising: 

a transistor for controlling a current supplied to 
a load; and 
35 an operational amplifier, 

wherein an inverting input terminal of the oper- 
ational amplifier is connected to a drain terminal 
side of the transistor connected to a current 
source circuit; 

a non-inverting input terminal of the operational 
amplifier is connected to agate terminal side of 
the transistor; and 

an output terminal of the operational amplifier is 
connected to the drain terminal side of the tran- 
^^5 sistor. 

6. A semiconductor device comprising: 

a transistor for controlling a current supplied to 

50 a load; and 

a voltage follower circuit, 
wherein an input terminal of the voltage follower 
circuit is connected to a gate terminal side of the 
transistor connected to a current source circuit; 

55 and 

an output terminal of the voltage follower circuit 
is connected to a drain terminal side of the tran- 
sistor. 
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7. The semiconductor device according to claim 6, 
wherein the voltage follower circuit is constituted by 
a source follower circuit. 

8. A light emitting device comprising a display portion 5 
using the semiconductor device according to any 
one of claims 1 to 6. 

9. A digital still camera comprising a display portion us- 
ing the semiconductor device according to any one io 
of claims 1 to 6. 

10. A laptop personal computer comprising a display 
portion using the semiconductor device according to 
any one of claims 1 to 6. 15 

1 1 . A mobile computer comprising a display portion us- 
ing the semiconductor device according to any one 
of claims 1 to 6. 

20 

12. An image reproducing device comprising a display 
portion using the semiconductor device according to 
any one of claims 1 to 6. 

13. A goggle type display comprising a display portion 25 
using the semiconductor device according to any 
one of claims 1 to 6. 

14. A video camera comprising a display portion using 

the semiconductor device according to any one of 30 
claims 1 to 6. 

15. A mobile phone comprising a display portion using 
the semiconductor device according to any one of 
claims 1 to 6. 35 



40 



45 



50 
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